The prevalence of and the risk for sexually transmissible infections (STIs) for women engaging in same-sex sexual behaviour was investigated among women attending an STI clinic. Methods: Data from electronic medical records were reviewed and logistic regression used to estimate the odds ratio (OR) of STIs. Women reporting lifetime exclusively female partners (WSW) and women reporting female and male partners (WSWM) were compared with women reporting exclusively male partners (WSM). Outcomes included: Chlamydia trachomatis, Mycoplasma genitalium, Neisseria gonorrhoea, HIV and syphilis. Results: The study population comprised 103 564 women (WSW 641, WSWM 12 010 and WSM 90 913). Overall prevalence of STIs was 8%. Crude OR of STIs for WSW: 0.56 (95% CI 0.39-0.81), for WSWM: 0.99 (95% CI 0.92-1.06) compared with WSM. Multivariate analysis revealed an interaction effect between same-sex sexual behaviour and smoking. Among non-smokers; WSW adjusted OR was 0.41 (95% CI 0.21-0.80), WSWM adjusted OR was 0.91 (95% CI 0.81-1.02) compared with WSM. Among smokers; WSW adjusted OR was 1.03 (95% CI 0.63-1.67) for WSWM adjusted OR was 1.00 (CI 95% 0.93-1.13), compared with WSM. Conclusion: This study, including the largest cohort of women reporting life-time exclusively female partners in an STI study, shows that WSW generally are at lower risk for acquiring STIs than WSM. Smoking WSW, however, had the same risk for acquiring bacterial STIs as WSM and WSWM. Our study suggests that all WSW should receive the same encouragement to test for STIs as WSM.
Introduction
A consensus regarding information and testing for sexually transmissible infections (STIs) in women engaging in samesex sexual behaviour is lacking. Information for these women varies from either that women with female partners are at higher risk for acquiring STIs compared with heterosexual women, to 'As you do not have intercourse you do not need any vaginal examination or routine test' written in a letter from a gynaecologist to a woman with female sexual contacts. Women engaging in same-sex sexual behaviour may be hesitant to seek testing and medical advice concerning sexual health, [1] [2] [3] [4] [5] creating challenges in estimating the risk of STIs between females due to small study cohorts. Many of these women also have sex with men, 2,4-10 and the risk of STIs is primarily associated with having male partners. Together, the inconsistent definition of women having sex with women and the limited research about prevalence and risk of STIs among females engaging in exclusively same-sex sexual behaviour make it difficult to draw conclusions about the risks for women of acquiring STIs from female partners.
Few studies provide quantitative information about sexual behaviour among women. Mercer et al. 9 found that 4.9% of the women in a British probability survey reported same-sex sexual behaviour. Among these women, 2.8% report sex with women during the past 5 years, and the majority reported having a male partner during the same period. In Norway, available evidence about female same-sex sexual behaviour comes from national surveys in which 2.4% of women report that they have had same-sex sexual behaviour within the last 12 months. 12 Another challenge for estimating risks of STIs among women engaging in same-sex sexual behaviour is that STIs are uncommon among the general population, although they may be common among the population attending an STI clinic. According to figures from the European Centre for Disease Control (ECDC), chlamydia is the most frequently reported STI in Europe, particularly among women, with a European incidence in 2011 of 175 per 100 000. 13 Incidence of gonorrhoea, syphilis and HIV has increased in Europe since 2008, 13 but is lower than the chlamydia incidence, with lower rates among women than men. In 2011, European incidence of gonorrhoea, syphilis and HIV were, respectively, 12.6, 4.9 and 5.7 per 100 000 population. 13 All three infections were three-to four-fold more prevalent among men than women. The real incidence is likely to be higher due to the asymptomatic nature of some of the infections. European data for genital mycoplasma is not available, as screening for this is not standard practice. Norway accounted for slightly over 6% of the chlamydia cases reported in Europe in 2011 and less than 1% of the other STIs.
14- 16 There is no documentation of how STIs are distributed among women in relation to same-sex sexual behaviour. More knowledge about the incidence and prevalence of STIs among women in relation to their partner's gender could benefit both healthcare providers and their female clients.
Objectives
Our study goals were to estimate the prevalence of, and analyse the risks for, STIs among women attending the Olafia clinic, the largest STI clinic in the Nordic countries and which has a national advisory responsibility in Norway for STIs. We wanted to compare women with a lifetime history of exclusively samesex sexual behaviour (WSW) and women who reported sex with both men and women (WSWM) with women having a lifetime history of sex exclusively with men (WSM), to investigate if same-sex sexual behaviour altered the risk of being infected with STIs.
Ethics
The study was approved by the Norwegian Regional Ethics Committee (REK; Document-id: 337092). Because data were anonymised and due to the large study population, we received dispensation from patient consent.
Methods
We chose a retrospective cohort-study design using data from electronic medical records at the Olafia clinic from 2004 through to 2014. Both WSW and WSWM composed the exposure groups and WSM the control group. 
Study site

Data
The medical records for all women attending the Olafia clinic from 2004 through to 2014 were examined. Extracted data included: answers reflecting sexual practice within last 6 months and at any prior time, and test results for Chlamydia trachomatis, Mycoplasma genitalium, Neisseria gonorrhoeae, HIV and syphilis (only those positive syphilis tests requiring treatment were included). To assess potential confounding and interaction effects, we also extracted data on age, smoking, nationality, education, employment, number of partners, unknown partners, regular partner, history of STIs and first-time consultations at the clinic. We excluded data concerning sex work and condom use. Because buying sex is a criminal act in Norway and the concept of condom use has a wide range of interpretations, we believed answers could be biased or difficult to interpret. Bacterial vaginosis, candida, genital warts, herpes and trichomonas (which is very uncommon in Norway) were excluded because these diagnoses require a clinical examination by a physician and only~50% of the women underwent such an examination. Data was categorised and made dichotomous for the statistical analysis.
Study population
From the total number (n = 124 300) of female consultations occurring from 2004 through to 2014, we excluded from the study population~17% (n = 20 736) of consultations at which women did not provide information concerning sexual practice. We don't believe this created bias as the excluded women also responded less frequently to all questions about sexual history and had a lower prevalence of STIs, both of which are consistent with post-treatment follow ups at which the sexual history form is not required.
The study population was categorised into three groups: (1) WSW included women who answered 'only women' on both questions: 'have you had sex during the last 6 months with. . .' and 'have you ever had sex with...'; (2) WSWM included those who reported having had sex with women and men at any time; and (3) WSM included women who answered 'only men' on both questions. The outcome was being diagnosed with one or more of the STIs; Chlamydia trachomatis, Mycoplasma genitalium, Neisseria gonorrhoeae, syphilis and HIV.
Analysis
We performed a descriptive analysis to characterise the study groups. The comparison was based on c 2 tests comparing the exposure groups versus the control group. For the multivariate analyses, after conducting univariate analysis, we performed a stepwise logistic regression using forward selection methods (SPSS command: forward conditional) in which variables are added individually until model prediction is no longer improved. 17 Odds ratio (OR) is an appropriate estimate when disease and exposure is rare, and it then approximately equals the relative risk. 18, 19 We therefore presented results as OR along with 95% confidence intervals and P values. Breslow-Day's test for homogeneity was used to control for interaction effects. Hosmer-Lemeshow goodness-of-fit was used to test the regression model. For interaction effects, stratum-specific ORs were calculated manually and the confidence intervals were calculated using robust covariance estimation. 18 Many of the women had attended the clinic two or more times in the period 2004-2014. We therefore performed a subanalysis including only first-time attendees. This enabled us to estimate the OR of being infected with STIs based on unique individuals. All analysis was performed using SPSS, Version 21 (SPSS Inc., Chicago, IL, USA).
Results
Characteristics
The study population comprised 103 564 women (Table 1) . Approximately 12% of the women reported samesex sexual behaviour, with 5% of these reporting exclusively same-sex sexual behaviour over their lifetime. Consequently, WSW represented 0.6% of the total study population, WSWM 11.6% and the control group of WSM represented 87.8%. The overall median age was 25 years (range 14-79 years). More WSW and WSWM were over 25 years of age compared with WSM. The study population included women from 117 different nations, of whom 83% were from Norway, 8% from Sweden and 0.3% from Denmark. Approximately 56% of the study population had a higher education and 93% were employed, although these percentages were lower for WSW. Smoking was reported by 40% of the women. Having a regular partner was reported by 42%, having had sex with an unknown partner by 20% and having had more than one partner during the 6 months before testing by 65% of all women. Fewer WSW than WSM reported having more than one partner. Approximately 50% of women had a history of STIs; this was lower among WSW compared with WSM, and~24% of the women were attending the clinic for the first time.
Prevalence of STIs
The prevalence of STIs was 8% among all women and 13% among first-time attendees ( Table 2 ). The prevalence of STIs was lower among WSW compared with WSM. Chlamydia was the most frequent of STIs (4-5%) in all study groups, followed by mycoplasma (1-3%). Both infections were less frequent among WSW compared with WSM. Gonorrhoea was uncommon in all study groups; less than 0.5% of women were infected. HIV and syphilis infections were not found at all among WSW and were found in less than 0.1% of WSWM and WSM. Smokers had an overall STI prevalence of 9%; for WSW, the prevalence of STIs was 8% among smokers and 3% among non-smokers.
Risk analysis among women for all consultations
In the univariate analysis (Table 3) , WSW were less likely than WSM to be infected with STIs (crude OR 0.56 (95% CI 0.39-0.81)), while there was no significant difference for WSWM (crude OR 0.99 (95% CI 0.92-1.06)) compared with WSM. Women testing positive for STIs were more likely to have the following characteristics: under 25 years of age, smoker, no higher education, unemployed, no regular partner and more than one partner within the 6 months before testing.
In multivariate analysis (Table 3) , there was a significant interaction between smoking and same-sex sexual behaviour, indicating that the likelihood for STIs among WSW was higher for smokers than non-smokers (OR 2.8 (95% CI 1.2-6.4)). The association between smoking and STIs was not as strong among WSWM (OR 1.2 (95% CI 1.1-1.5)) or WSM (OR 1.13 (95% CI 1.07-1.19)). Controlling for age, education, unknown partner and number of partners, we found that among smokers, WSW had a similar OR of STIs compared with smoking WSM (adjusted OR 1.02 (95% CI 0.63-1.67). Adjusted results for WSWM were unchanged compared with the crude analysis. The same was true for the results of the nonsmokers.
Risk analysis for first-time attendees
The sub-analysis of first-time attendees (Table 4) 
Statistical analysis
Hosmer-Lemeshow's goodness-of-fit showed best fit of model when the variables used, regular partner and history of STIs were excluded. 
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, who found more women among WSW infected with chlamydia compared with WSM. It could be explained by the fact that WSW in the Singh study were defined as women with exclusively female partners in the prior year, and we know that chlamydia can persist over a year. However, it could also be explained by the young age; WSW were between 15 and 24 years of age and reported a higher rate of new, multiple or symptomatic sexual partner(s) compared with WSM. In our study, WSW were more likely to be over 25 years of age and report fewer partners compared with WSM. It would be of interest to know if differences in smoking status could also explain the discrepancy in rates of chlamydia infection, but this Table 2 . Sexually transmissible infections (STIs) in the study population (total n = 103 564) WSW, women reporting life-time exclusively female partners; WSM, women reporting exclusively male partners; WSWM, women reporting female and male partners n = Answer frequencies 20 Bailey et al. 6 observed that STIs increased with increasing number of female partners. Interestingly, they report smoking to be the only variable associated with STIs to be found significant at a level of P < 0.05 and theorise it to be a marker of something else; that is, choice of partners. In our study, the increased likelihood of STIs remained after adjusting for age, education, number of partners and unknown partners. Intriguingly, our study revealed a much stronger association between smoking and STIs among WSW. Bacterial vaginosis, though not an STI, is also reported to be associated with smoking 21, 22 and the reasons for this are not well understood. Other reports indicate that bacterial vaginosis 22, 23 as well as smoking 9 may occur more frequently among women with female partners. It could be that smoking is an indicator of some unmeasured or partially measured variable, but tobacco itself is also suggested to affect the antibacterial function of the immune system. 24 On the other side, smoking can be associated with the use of alcohol and illicit drugs, 25 which in turn is known to increase sexual risk behaviour, 26 though much of this research is on men having sex with men. Like smoking, other studies indicate more use of alcohol and illicit drugs among women with female partners compared with women who have exclusively male partners. 9, 27 Smoking habits in combination with sexual behaviour may be more predictive of STIs than sexual behaviour alone. If this is correct and whether it is more true among WSW needs to be confirmed in future studies.
Muzny et al. 5 did not find any prevalent STIs among 21 lifetime exclusive WSW and only one woman had a history of STIs. This could be explained by the low number of exclusive WSW in the study, but seven women out of the 21 had serological evidence of Chlamydia trachomatis. These findings suggest that STIs may be under diagnosed. In our study, STIs were generally found more frequently among younger women, and the WSW attending the Olafia clinic were significantly older than the WSM. It could be that young WSW are unaware of the risks of STIs and do not attend sexual healthcare services to the same extent as young WSM.
We did not find HIV or syphilis among WSW in our study, although transmission between women is documented. [28] [29] [30] Both infections are uncommon among all the women in the study and the likelihood of WSW to be exposed to HIV or syphilis in Norway is very low. However, the overall number of syphilis infections in Norway has more than doubled in the last 5 years, and we have recently (after the study period) experienced one case of transmission between females in the Olafia clinic. As syphilis is highly contagious in certain phases of the infection, we believe it could, in contrast to HIV, spread more easily among WSW.
There are limitations to our study. Although it is a strength to have a more homogenous cohort, our strict inclusion criteria for WSW might have limited the number of exclusive WSW, as women who had had a single male partner at any time during their lifetime were categorised as WSWM. This could also have obscured the results for WSWM who had similar risk as WSM for acquiring bacterial STIs and HIV, while other studies have shown a larger risk for WSWM for being infected compared with women who have exclusively male partners. 4,9 Also, we had no robust data for alcohol and drug use, which could have shed light on the association between smoking and STIs in our study. It is important to bear in mind as well that women attending an STI clinic may not be representative of the female general population, and the women with female partners attending the Olafia clinic may not be representative of the Norwegian women engaging in same-sex sexual behaviour. Additional research on female-female sexual practices and association with STIs could help to improve awareness, information and advice for prevention of STIs. More complete understanding of the mechanisms by which smoking is associated with STIs is also desirable.
In conclusion, our study shows that women with exclusively same-sex sexual behaviour acquire bacterial STIs but generally have a lower risk for infection compared with women with male partners. However, smoking WSW have the same risk for acquiring bacterial STIs and HIV as women having sex with men. We did not find HIV and syphilis among WSW, which supports the theory that the main risk for these infections is having sex with men. In contrast, if the risk for exposure increases, we believe syphilis could, in contrast to HIV, more easily spread among WSW, as syphilis is more contagious.
We suggest that all women engaging in same-sex sexual behaviour receive the same encouragement as heterosexual women to seek sexual health care when engaging with new sexual contacts or experiencing any symptoms related to STIs. We hope that our research will contribute to an increased awareness of the risks of STIs among women engaging in same-sex sexual behaviour.
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